ABSTRACT Two long-term human cytolytic T lymphocyte (CL) lines (VE and JR), whose cytolytic activity was dependent upon both irradiated JY cells (the stimulating alloantigen) and T-cell growth factor, were established. These lines were monitored in culture for 6-8 months. Both lines were specific for HLA-A or B antigens or both and the JR line was allospecific for HLA-B7. These CIL lines killed specific target cells at an effector-to-target ratio of 0.4 (VE) or 0.08 UR
which grow in suspension, rosetted with sheep erythrocytes and reacted with an antiserum specific for human T cells. Te CTL line VE was used to raise rabbit antisera that immunoprecipitated two specific polypeptides (78,000 and 33,000 daltons) from labeled membranes of these CIL lines. The development of functional continuous T lymphocyte lines, especially those with cytolytic activity, has been a topic of great current interest. Among the techniques that have been used are somatic cell hybridization and-culture with factors of lymphocyte origin, especially T-cell growth factor (TCGF) (1, 2) . The development of an established cytotoxic T lymphocyte (CTL) line with known alloantigen specificity could offer several opportunities. There is a growing body of evidence that suggests that only immune T cells with specificity for the stimulating alloantigen survive and continue to proliferate in culture (3) . Therefore, with a selected population of antigenspecific T cells, studies could be undertaken to define, to isolate, and to characterize unique surface antigens. T-cell receptor material may be included among these materials. Because it is unlikely that T cells specific for third-party antigens remain, all receptor material would be specific for the stimulating antigen. Also, it may prove useful to establish CTL lines for therapeutic purposes-i.e., the establishment of CTL to weak antigens such as tumor antigens (4) . It might be possible to expand desired populations in vitro more readily and eliminate suppressor cell populations which could prevent in vivo expansion of antigen-specific effector cells.
A number of laboratories have established T-cell lines of murine or human origin. Some of these lines are antigen dependent (5) (6) (7) (8) ; others are dependent on TCGF (9) (10) (11) (12) (13) . One laboratory has established cloned murmne alloreactive CTL lines that are maintained with alloantigen and TCGF for cytolytic activity (14) . Some of these established lines only lyse target cells with low efficiency-i.e., at high effector-to-target ratios (9) . However, there are several with high cytolytic activity (8, 11, 12, (14) (15) (16) (17) . One line in particular is specific for syngeneic (H-2b) cells which express the H-Y antigen; these CTLs have been cloned and are able to lyse target cells expressing H-2Dd antigens crossreactively (15) .
In the studies reported here, two long-term human cytolytic T cell lines have been established whose cytolytic activity is dependent on both TCGF and on repeated stimulation by irradiated stimulator cells. Cytolytic recognition is dependent on the expression of HLA determinant(s) on the target and cytolysis is observed at effector-to-target ratios <1. One of the lines recognizes specifically the antigen HLA-B7 whose total structure is known (18) . Heteroantiserum In a 4-hr 51Cr assay. ND, not determined.
4-5 days in the presence of pokeweed mitogen (Sigma) at 10 ,gg/ml. Peripheral human T cells, obtained by SRBC rosette formation, were stimulated for 4-5 days with PHA at 10 ,g/ml (Difco) . RESULTS Establishment of Human Alloreactive CTL Lines. The CTL lines used in these studies were established as follows. PBL (7 X 106 cells) were cocultured with 1 X 105 irradiated JY cells (stimulators). After 6 days, 1 X 106 cells were restimulated with 1 X 105 irradiated JY cells and thereafter cells were cultured in medium containing 10% TCGF. Once T cells were placed in TCGF-supplemented medium, an initial burst of cell proliferation was observed. However, after 2 weeks in TCGFcontaining medium, growth and cytolytic activity diminished (Table 1 ; Fig. 1 ). At this time, the cell lines were restimulated with irradiated JY cells. Immediately, the cultures showed evidence of proliferation, and cytolytic activity increased. This change was in marked contrast to parallel flasks fed fresh medium containing TCGF but not restimulated with JY; these cultures did not continue to proliferate or display cytolytic activity. The data shown are from the line derived from donor VE; similar findings were obtained with the long-term line derived from donor JR. (Fig. 3) ; the low level of the blocking observed was equivalent to that produced by Daudi cells which have no surface HLA-A or -B antigens. In addition, cell lines homozygous for HLA-A2 or other HLA-A antigens did not inhibit cytolytic activity and no correlation of inhibition with HLA-C or HLA-DR antigens was evident. The proliferation and cytolytic activities of JR have been maintained in culture for 6 months. At maximal efficiency, it gave 30% specific 51Cr release at an effector-to-target ratio of 0.08 and 65% release at a ratio of 1.
Immunoprecipitation of Labeled Proteins from VE and JRCTL Membranes. Rabbit antisera (RI and R2) were raised to the VE line and absorbed extensively with the B cell lines SB, Daudi, and JY. Absorbed rabbit antisera did not precipitate any specific bands from labeled extracts of B cell membranes used in absorption, thus confirming the completeness of absorption. However, immunoprecipitation of labeled extracts of VE and JR membranes with absorbed R 1 yielded one major band of approximately 33 ,000 daltons, a second band at 78,000 daltons, and less-prominent bands at 69,000,48,500, and 12,000 daltons (Fig. 4) . Serum from R 2 did not recognize the 33,000-dalton band but did precipitate the other bands. The weak bands at 69,000,48,500, and 12,000 daltons are most likely nonspecific background bands, because weak bands of similar size were immunoprecipitated from a lymphoblastoid B-cell line (SB) and (11) . However, with in vitro passage, the VE line lost the ability to lyse Daudi targets and only targets expressing HLA-A or -B antigens were killed efficiently (Table 1; Fig. 1 ). The killing efficiency increased to the point that an effectorto-target ratio of 0.4:1 (VE) or 0.08:1 (JR) resulted in >25% specific release in a 4-hr assay.
No detectable natural killer cells were present in the established lines and all of the cells spontaneously rosetted with neuraminidase-treated SRBC. Cytolysis of JY targets by VE was blocked completely with a hybridoma antibody that detects framework determinant(s) in HLA-A and -B antigens but lysis was not blocked by an antiserum that recognizes HLA-DR determinants (Table 2 ). An epitope for alloreactive recognition by CTL must be blocked by the hybridoma antibody. Rabbit antisera have been raised against line VE and have been used to study the surface antigens of the two cell lines described here. Two proteins have been identified by using extensively absorbed sera (Fig. 4) . A 33,000-dalton polypeptide was found on both the CTL lines and on PHA-stimulated peripheral T cells. This protein was not found on pokeweed mitogen-stimulated B cells, peripheral T lymphocytes, or various T-and B-cell lines. In addition, a 78,000-dalton protein was observed only on the two CTL lines. Both rabbit antisera recognized the 78,000-dalton band; only one was found to precipitate the 33,000-dalton protein. Thus, these two proteins are antigenically distinct. Anti-idiotypic antibodies have been used to isolate receptor-like proteins of 70,000 daltons shed by rat (30) and human (31) T cells and present on the surface of human T cells (32) . Further work is needed to determine any possible relationships between these proteins and the 78,000-dalton protein described here.
Previous studies of mouse T-cell surface proteins have shown the appearance of unique glycoprotein profiles, especially in the 160,000-to 200,000-dalton region, upon T-cell activation (33, 34) . In addition, glycoproteins of 145,000 daltons in mice (35) and 130,000 daltons in man (36) have been described for activated T-cell blasts. "Ia-like" antigens (p29,34) also appear on activated T cells (37) but the 33,000-dalton peptide described here is probably antigenically unrelated to "Ia-like" antigens because adsorption of the rabbit antisera with Ia-containing B-cell lines removed all detectable reactivities on B-cell lines. Alternatively, the 33,000-dalton protein could be an "Ia-like" antigen with a structure unique to activated T cells. In this regard, T-cell-specific "Ta" antigens (localized to the I-J subregion) have been described in mice (38) .
